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AR LTI T OMEE LA,

AMPPNP: adenylylimido 5’-diphosphate

ANS: 8-anilino-l1-naphthalene sulfonic acid

BTEE: N-Benzoyl-L-tyrosine ethyl ester

CD: circular dichroism

DEAE: diethylaminoethyl

DTNB: 5,5 -dithio bis(2-nitrobenzoate)

DTT: dithiothreitol

EDC: l-ethyl-3-[3-(dimethylamino)propyl]lcarbodiimide
hydrochloride

EDTA: ethylenediaminetetraacetic acid

EGTA: ethyleneglycol bis(2-aminoethyl)-N,N"-tetraacetate

GEE: glycine ethyl ester

HC: heavy chain component of myosin, S-1 and HMM

HMM: heavy meromyosin

kDa: kilodalton

LC: light chain component of myosin, S-1 and HMH

LMM: light meromyosin

PAGE: polyacrylamide gel electrophoresis

pCa: negative logarithm of free calcium ion concentration

PMSF: phenylmethylsulfonyl fluoride

PPi: pyrophosphate

rod: myosin rod

S-1: myosin subfragment-1

S-2: myosin subfragment-2

SDS: sodium dodecyl sulfate

Tris: Tris(hvdroxymethyl)aminomethane
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% (Weeds & Pope, 1977) o« B1 OHMIEIA L VYVOHEBLELETROME G 2 ICF

HL, CoCcHiiahs e THIKRKBEDODIAS YT IS5 7 A -1 (K

T s-1 ¢@Eikd93) . EzHBRT2EBEEOIA> oy B (BT rod &

ol

DT B) I BENB, rod FERCZOHFRFAEILCELET SE2OHATYI
Brxh, SEEHAH T ZLLE7I ) RKGHHONWERTOIAS YT TS5 T XA b-2
(UTF S$-2 ¢adikd %) &, BEFHMIbbANEFYINVERRMO¥2D T A
MA@ 3IAYYy (UMT LM 2REBATS) EAUBEDPTE S,
EEILAYYIEBWTY, LRoIAY YA TFOMRIEPRETFHAFOR O®E
BEMTWARALHEESIALTWS, BICABEIAYY S-1 B20RBEREEEFHY
R xh, v FoBagebBERFIhTEE (LA S,1989; EH 5, 1989;
Hamai & Konno, 1990) ., ZOHHE. S-1 HoroEANEE OMHE., KXY U X
DHDOEEDRVWYE, ZTheo0XEMEIEREICELEZ2ED AP 2BEOHEK. T2
HH ATPase FEHOEEZ2EBRE L L THLPZEINTWVWD, LPL. REIAY
Yo rod MAKELTE., IAY YA FOIA4 T A MEBRBREDODVWTOMHAED
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filcoWT, Bl y X - 34y cHNZ 2B OB UM FFEZME < IS
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REBBEWELE, 2S¢ G4 » 3 X3 E rold B, E 0B HY

T VHEIEEEFEMICKRAS ULERER., VP FX - I A Y TEHASA TV WVWHEZ
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UM BMEPELELTWEIEZRALE, BELChEFTHESINLEDETR DA
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LD L. AFFET rod BATCONKBEELLLCODVWTIRALEZEZ A, MDD

CHERICS-1 AP EETAOE¥ITLTC, rod P RETLZFZRNVWE L,
ZOEHIATYO rod BAOEEWL S-1 LA ABVWARETHDI LS X
BRIAYYOREEZEHOEBICIOVWTHIEREL &
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1. EEME

BEEE., I A YU ToORBEOHBRZHWTHELEZ, 205, HIRE

#% ® 324 (Cyprinus carpio) MU' B o X (Parelichthys abivaceus) . F 7zXK

B U= Y)Y (Scomber japonicus) AT )N <Y F (Seriola quinqueradiata) .

S#® Z7n~v 1 (Thunnus thynnus) OHRWRZHAHWE, 54 5 E7” (lilapia

mossambica) OFWIX 5 % Y IWE M—=)ZMXZ -40 °C THHE LD DO ZFHL

o MEBE LT, Y ¥ (0Oryctolagus cuniculus) H AW ED, I hid &

BOTRZIVFIZL, 0% ZVEBYYET -20°C CEFBMLTBWEDBD., B

L& 5% YIWVEM—NVZMZA -40 °C THEHELTBWEBb O ZHEHLU &,

2. EBRAE

(1) A JE wR e O F &

ERMEIE MBSO A% (ks 1977) C¥UTHR U &,

(2) I A VYOHFHE
A Y vk, Makie & Connel (1964) OFFEICE U TCHELE, T 2bb,. U
XHRM™MS ATP Z2& % 0.45 M KC1 (pH 6.4) MW T, 722 F v 2%ZLELHIA

YryaEHMHE LUER., e S5 (1981) OWMK D HEE (40-55 % M) ZRHWT 7Y ¥

FreREmR U,




F BEMOERICHWEIAYE/NDES (1993) O HFEIIC X > T HEF

MroEEAR LE, L, BHEGEHEE2 0.5 M KC1, 20 mM Tris-HC1 (pH 7.5)
B ICHERE, 5l ATP-Mg A F CHE DM (40-50 % M) LTIAY U2

AU &,

(3) I AYYDLBHEOD S-1 BU UMM o i B &
Weeds and Pope (1977) OZFHICW W, S-1 AR O =D IZE I AT Y (0.05 M
KCl, 20 mM Tris-maleate (pH 7.0), 1 mM DIT) % 1 nM EDTA #ZE FT. 1=

HMM AR ool I 4> > (0.5 M KC1, 20 nM Tris-HC1 (pH 7.5), 1 mM DTT)

Yoy,

1 mM CaCl, BETFTTCFERMNY TS VHEILLUE, HibtRIGZ 1 nM PUSF Z RN
LeRELrxE=8. BELOH L. o KEBEHEEREDICEENDS S-1 55 WL

HMM % Sephacryl S-300 ) @EBEBICLOHBERUTCHERHL =,

(4) rod o

dA RO TR vod i 3 AT (005N K€L, - 20 oW Prig-wmaleates (pH
7.0), 1 mM DTT) % 1 mM EDTA #EHEFTHFEMNY 7V VHEMAR, HIEWIZEZEN
A% E 42 (M rod ) % DEAE-Toyopearl A AV R/ u~x b7 57 4 — 2t
L. BELTWARAIAYYDDLED LM Z2HREBBLUE, £/, KE® rod %
FRTABE, bLLEKZEAED rod 2RBBIIFBEICE. IS4 y0DD
CHEBMEEREMB e LEEEEZHWE, I, HEKRHEZ I A2 v OHE
OHBBFELEUERETFEN)I IO VHEALERE, BO08 LU CHEICER U Z,.

YR A 0.5 M KCl. 20 mM Tris-HC1 (pH 7.5) BWICEMREB. WK HEH (40-55%

BIFl) lck> T rod ZFHBEL 2, FHEIERODETHENS,




(5) &K/ f LUM o R

94 & LMM MO H ¥ LMM i& rod (0.5 M KC1, 20 mM Tris-HC1l (pH 7.5))
EXE RSy UMb ® HiEWICEENDEENE 2% DEAE-TOYOPEARL A A

yEBmIo T N TS 74 —lct LT, AEBERLE, FHMEISEROETHRAND,

IAYYRD rod OFEMNY STV UHEHIEEBRY OB

P
(®p]
S

Ay rod WAL UEBICAERSI N S KE MR UE SN &E 2~ 07 8

]

LUFOBICIT> 2. § bbb, HEWE 0.05 M KC1 (pH 7.0). 2D WVWIE 5 nlf
MgCl. #& & 0.056 M KCL (pH 7.0 HB Wik 6.5) MBI BEWN S5 W HREK,

a0 2 (80,000 x g, 60 ) L. Lz AKBHEES. WREZEBHEES &L

Iz o
(7)) SAYYRT rod OFE MY 7Y U HAEEEOME
IAYYRY rod OFEMY T UEAERER, I A VEH (K0) KU

rod @Y7 21=v h (130 kDa) OMEEE 2B E L L TR E, T§R2DB. HA
W % SDS-PAGE THMULE®H., Chbs0EERBET Y Y MAMNY —ETHHI L.

FORBHELE, —RKRGACHVWERLT, ToEREER (k) 2HH U Zo
Fh, IATYDLEOD S-1 & HMM OB, I AV VHEADS 2 WVWIEEE DK
VEME 4% SDS-PAGE [cft L. F=h2ho HC (S-1 HC, HMM HC) BZF > ¥ b
X P —TEBUTEDREBE LE. BB, BE>RETIAZP 10d O

EhY SO UWEMLEFTOIBEE., T BIEE 2HEEBE LT, BFXHGTIEBEU D F

EMNYTYyOEHMEZ KD 2,




Faran

(8) Caz?* EE OME
SOFERNY TS UWEIALE BEERO Ca?t BETTITO B Ca-
pH 7.0 TORTEEF

~ ~
o Y
~ ~

EGTA buffer ZFHWTHBULE,. B, Ca-EGTA 5K D

Mk 2.5 x 109 (M-') % AWz (Harafuji & Ogawa, 1980) .

(9) IAYYRUTIAYYOXFE N TV HEHAAAEBET O 7V IER DN
M KCl. 20 mM Tris-HCLl (pH 7.5) BW T

S-1 A WL HMM o i@l 0.1

S #4t U 7= Sephacryl $-300 35 L Z2HWTITD %2,
BXU LUM @S0 v EEE. 0.5 M KCL, 20 mM Tris-HCl (pH 7.5) ¥ T¥F

# 1t U 7= Sepharose CL-4B 15 A ZHWTIT- o

(10) rod o k& W &E

rod OBENMEIE 21l SBOoA X M) FEREFZMEHL. 0.5 0 KCL,
20 mM Tris-HCl1 (pH 7.5) OFEH T, 20C TITo o
(11) rod o ¥k % 2 &l &
5) OFHETF. 5°C ([

rod O BEEEIL, 0.5 M KC1, 20 mM Tris-HC1 (pH 7.

o9 — L YWY R EHEE L7 Beckman L2-65P BIBEL BB ZHEH

AT

LTHZEUL o

(12) rod @ a-~"Yw 7 2&B0OHE

rod ® a-~Uw 728 (H) X #N7#EE 0.3~0.8 (mg/nl), 0.5 H
KC1, 20 mM Tris-HCLl (pH 7.5) KBTS CD XXTZ MVORMERL K> TRKD %,

_’7_.




MEE AR EE HRE @S akEt J-6008 Z@MA L. 2220k U 208nn O

AT HEEAR ([6]) poXRAZHAWTRDE (Greenfield & Fasman, 1969)

H=[ 6 1222nm/-40000

H=[6 1208nm-(-4000)/(-33000)-(-4000)

(13) 34 Y Y. S-1 B rod @ N 7 b 77 vEXBREOHE

St vy. S-1l BRUG rod o NS Ry vEEHKROEXBEIL, 29500 TH
L. 340nm T#EIE L7 (Duke et al, 1966; Seidel, 1975) o ;Q

(14) I 4> v, -1 RO rod I 2 7= ANS H G5 E O W E

REHIZVWEERBYZY VU Y 2EMUEED, I 4>y, S-1 RU rod ORE
it E. ANS OB BEEAPSWMELE, ¥ N7 EEBWIC 80 uM ANS &0
Z . 400nm CTHIE L. 480nm TOHNHME Z2. BEELNER RF-500 Z A W,

20°C THl % L7 (Duke et al, 1966; Cheung & Morales, 1969) . ?ﬁi’f"'

(15) rod, & Ff LMM o7 2 )B4
7 I )BANITHEES R U rod RUKE LM 2 X% Y AWK EBRKBELE

%, I OBEEoWE (HI 835 &) 2 HWTAT o %o

(16) WY 727V )7 I RTIVEIWKE
SDS YT 7 UNT I RFINVESKKE (SDS-PAGE) (X, 0.1% SDS Z2& & 10%

BAWIE 12.5% RYU7ZZUNT7 IRy )VZRHEWT, Laemmli & Farve (1873) @

__8_




HEICED TR, 87 957 AV ChOERIE., THhH5ONY ROy ——7

il I X BRE BmEETFY Y b A—Y —cHET BHEICKDIT D R
EDC 2248 L 7= rod ¢ SDS-PAGE & 0.5 % 7Huo—X2&L 2.7 5 Y77
WP IR NVERWTITO 7= o

4% RYT72UNTIRT I E AW TIT

REFVEILKHIE 8 U KRR
o A

s 5 S VK E (TEF) & 8 M JRE. 2% Ampholin (pH 3-10.5) Z#z& &, 3.9
« KU TFIYNTIRFVERN, BEBE 0.02 1 NaOH & 0.01 4 H:POs % {&

AUz

(17) & FREMEEHE

4>y, rod RUKME LU OFBT S T4 T XAV NOETHEMBEICXDHE
%213 Huxley (1963) OHERE> TiTo>%. BB, YAV EEBEIIRERA
bfﬁgﬁbt‘\/*‘}\){‘Y‘\/:L,t(»:ﬁ‘/7)l/%0)ﬂ‘\ 1 %Y HHWVWIE 2% BFERY 2
yERWTRAT A THREL LR, F v E T SEMEE H-7000 & AL, fin £ & £

75 kV TEHEB LU Iz,

(18) rod, &M LMM 7 4 7 A~ F%%ﬁ?&ﬁ)%%&ﬁ%@)ﬁd)iﬁﬂﬁ??ﬁ
rod RMUEZME LUM 7 4 T A Y NGB (Y N7 ERE 0.2 mg/ml) O % A%
OB CH T U R e B EL A B L 350 nm iz BiF 5 407 S5AoBEXz S

VO Y6 EF RF-5000 HHAWT 20°C THEIEU &o




(19) rod @ EDC IC & % 1k F{Z A

rod O EDC I k2t EBigmEy N 7EEE 1 ng/nl T, 0.5 M KC1.
90 mM imidazole-HCl (pH 7.0) BWH CTir > A A¥ O VEHEBMOEEE

JH Mo gk 0.2 M

/11

G4 ZYO YT FNEZT N BETC, B 7
HCOONa % FCoM4EE O EDC ZHRMUL, a4 rod DEESIE 20°C ¢ 2 ErfE.
Wﬁﬂfmd@%ﬁ@ZFCT1HMW@@5@E%\mmwbxwﬁ?bm&/

—oERmMickb R EIE L Z,.

(20) ATPase (&M @l &

2 Ay RC. 5-1 O ATPase EHHEORGHEBIEEXOBFHEXPICT UL,
AV VRUVZOFERNY) IV VHEEBOY VEBBICIDBEHLET I 7 A Y
O & ATPase EHIERO LS ICHMEL =, HBH, Ca-ATPase WMo KGR
0.5 M KC1. 25 mM Tris-maleate (pH 7.0), 5 mM CaCl., 1 mM ATP ELy BE
K-EDTA-ATPase EM OB AL 0.5 4 KC1, 25 m¥ Tris-maleate (pH 7.0). 5 mH
EDTA. 1 mM ATP 2 L. &5, 77 F v &ML Hg-ATPase &M OB AW
0.053 M KC1. 25 mM Tris-maleate (pH 7.0). 1 mM MgCl.. 1 mM ATP, 0.057
mg/ml rabbit actin L%, ChBERKBERPIC-—EFEDT 77 ¥ = VB E
AMUTEREZBELE, WThoBad, RISEREREE 5% OB IE Rk CTHRELE
X@. R L-EK) VEZ Gomori (1942) EEHWTERLU &, M. 27O 8
- FDRELETS 7Y a Y@ ATPase EM @ ® ALk wmol Pi/min-nl THRLU

&%




(21) ZFEY N7 BEREOME

YUy R BEOREXY 22— L v biE (Gornall er a/., 1949) . 27 0B
— L w M3 (Itzhaki & Gill, 1964) K U Lowry (1951) s mEkzfHL. W
ThoBEdbdmMEB 7 )V IVES VEEREL UCHBERELZ, a-FE MY
Y VRGN ) T VBEE., FhZNEe200=20.4 BT Ersonn=15.4% AW\ 72
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B1E 24  IAYUHT. BLREBOSFHREE OBRE

AETERBEIA D VO TFARBEZ YUY XOZFh BB T2HL2EAN L
L. ¥ EMYVTOUHEMAEEZEREE UTHEL &,

B - IFADYTRERIFENIT DL BUMEML 28BS, Fh
ZTROMAOHBEAEFEDPHSENMIZIN T WS (Veeds & Pope, 1977) » T b b
BLOWMATHS S-1 & rod OFSEHE (S-1/rod junction L IER) F2MMEE
14y (FIZ Ca??) BEETCRUMZZT 20D, EIA REoxL— b NRIBE
FPTCTECOMMDEFEICH S DINB-LC H6FEH Ca>" B drhB3 LUah 3 &
STk B, F7=., HUM/LMM junction EMEIENABE2 OBAIIE rod ORI ICHE
EL. IAYYDPTATAYMZERUTVWARETEZ OO IZTHEICHFE
ShTUMEIhEND, BEEAORETEUNIAS XS5k %,

ZTITUYEX - IATYYTHLENRNTWVWB I DX D RUIKEBAL K& T HEAL L KD
4 - IATVVEDBHBULTRERSWZ2DODPEPZHEMICRELE, BlcohFT
EFEAEHRESNATWEWAEIA Y VORMBICEH LUTHAN, BELE rod o

RNEBELCODVWTS YT XD & HBRE U 7=,
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B1E FEPMV STV UHEILERLEZ a4 - 34V YO0 FHELEBRT

1. a4 - IAYHSFD S-1/rod junction oW1kt

(1) S-1/rod junction o1t & o % 3

FT A4 IAYVYOFEIMN)TDUHEIELEEZ YYD XFI AL v ZFh e R

11

MUE. 248X 9YX¥03I A% 0.056 M KC1, 20 mM Tris-maleate (pH
7.0). 1 mM EDTA, 0.1 mM DTT BH®IcHHB L. X F VY T EHWTHEIL LU=,
HAADSDS-PAGE MickbhIAY Y I BERBZXKD., o8RBT E2 —RKEIG

AR > THEF L.

/1

Ay B HEAEEEH (k) 2R =, RnwT, &#HELL
EE (10~20°C) B S k &X¥EMNYVTSTYVBOBKZ Fig. 1 R ULE. 2
DR, HUERHETTCEIS - IAYYOFDP2.5~3BHEELEBIT AT, 5-1/
rod junction OF E MY T VREEZHEISAIAYVYDODEDPKEDLDEZ, BBET
e, A - IAVVERRAWTIYY X - IV ELEEARBEOHILEERZ/ S =29
Wik, HILRE Z 5~10°C BEBRBIZT S, b LLEFEMNY STV EZ 30~
40 % CEADTHILEDNH - =,
COMRZEZELILT. UTOEEBTIE, a4 B0 F¥ - I AV TIEIER
CHIELEEDRT OGN D LS. a4 - A YOBEICE 1/250 (w/w) OF E b
D7 rvzHAW 200 T, F2090F - 34 0BAICE 1/250 (w/w) &% W

i 1/100 (w/w) OFE MU 2HW 25C TtHbtZITF> > iU =,

e
=1
o
7
Vi
o
S
L e
L
el
e
s
[R5
Aty
=
Hies
(5
e
3
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X
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(A) (B)
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Z e
]
0 4 : &/ /
" O
o O
x / / o
. @) o o
2 O A i 1 O / /
/ / / % /V
A E / v
///A‘ @) G o)
S e o
0 O .OOI .004 .01 0 .00l 004 .0l
(171000) (1/250) (17100) (1/1000) (1/7250) (17100)
Chymotrypsin/Myosin (w/w)
Fig.: 1. Chymotryptic digestibility of carp and rabbit
myosins.

Myosin isolated from carp (A) and rabbit (B) (0.05 M

KCl, 20 mM Tris-maleate (pH 7.0), 1 mM EDTA) was digested by
¢ -chymotrypsin. The amount of chymotrypsin was varied from
1/1000 to 1/100 by weight relative to myosin. The digestion
was carried out at 10 *C (A), 20 °C (V), 256 °C (O), and
30°C (@O). The myosin heavy chain (HC) remained undigested
was estimated by SDS-PAGE and densitometry and the first
order disappearing rate (k) of myosin HC band was
calculated.




(2) S-1/rod junction MOHALMEIC BIFT Ca?tsh &g

T X - XA YO S-1/rod junction OF FE MY T VMM IZIE 2 HEE

N\

A AVDPRESRETHIENAALAT WS, COHIE EITA BHETFTIT bbb 2
fli<e)g 1 A > (K2 Ca?') ZRVEZHETULIVIBEINDT., 2MMESES 4> (B
2 Ca?*) BCoBUTOUMZHET 2, oot BIcREL., a4 34
¥ ® S-1/rod junction OYJMEFIC MIET Ca2* OB ZMHF L=, B, rod
NBEBTZ3UMPEEZVESIE, CCTEHIAITIAYIMNERLTWVWREZET
DIAYyOHAEZFNE,

F9. 1L oM @ Ca**HBDWVWIL EDIA BEEFCAARTEYYF - 342> (0.05
M KCl, 20 mM Tris-maleate (pH 7.0)) ZFERMNU ST OWLLELEED. SDS-

PAGE WY —2DZEHL%®E Fig, 227Uk 9 EDTA B ETUTaqd » 2333 vk

HILdT 2, 34>y HC o@D bz, 2O/N> R (130 kDa, 95 kDa) 2

ER UL, 95 kDa @7 57 A kW2 0.056 M KC1 O£ TFciEELH
LR EELEOKBEE SR ICENREINA, §CRBEINATWS a4 S-1 HC
NYRTH2 (REH, 1981) , — /., MBESICHRE S hE 130 kDa o N Y
REIBBEHED rod O Ja—v beHlEEXhE, Chd EIA BHETFTTCOMILSE
BMEOYF - 32 UoPo60EBBELBBL T 2

R Ca*"BHETCHIELERREZRZ ., 99X - 34> EIIA BETI
EANTHAEEER 1/4 CETUL, EHECHLEZZTUEI R TVWE, BB, FF
M) T WM (BIEE HE) & Ca " BHET T UAH 1.4 EELSRBZ3DT. W
EEDPETITE20OE Ca?"CEH>THEFEUEVETLEED TIEZ L, = =1

& rod (& DHDH HMM (150 kDa fFiE) L BWM o LUM (70~60 kDa ff ¥ o N

—1b_
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Y EBENRICHYT ) BERLU =,

=0 B 0O (a2*FHETOHEHENSNY - IV FoBg it L R

Yoy

b, HE®HHPIZ rod (130 kDa) & S-1 (95 kDa) MMHE Zh. EDIA ZETFTO
HEEBRMEHEBLENSGD I OFH TCHOERTIENYH =, BE. = oHit

YWoKEBEMHE S FICIE I oftic S-1 & Fh TV 7=,

A (E) A(Ca)
MHC — W == — D e RS e s
130k - o T S TR S rod = B b @b ad e —H?c
o L] e T pe— | —————. o
Al — w
. e - _A2
-OoTne’

O 5 10 15 3045 60 60s 0 5 15 3045 6090 90s

B(E) 8 (Ca)
MHC — e o — D o == -
|30k- ------ M - e e -— —um
95k - e Y Cpe— -—Sglc — §-| HC
Al — s / At
DTNB —
A2 _ ¥ 7 SNotwe
036 912 1520 20s 0 15 30456090120 208
Digestion time (min)
Fages 25 Change in SDS-PAGE pattern of myosin during

chymotryptic digestion.

Myosin from carp and rabbit (0.05 M KCl, 20 mM Tris-
maleate (pH 7.0), 0.1 mM DTT) was digested by chymotrypsin
in the presence of either 1 mM EDTA or 1 mM CaClz. The
digestion was carried out by wusing 1/250 (w/w) of
chymotrypsin at 20 °C for carp myosin, and 1/100 (w/w) of
chymotrypsin at 25 °C for rabbit myosin. After termination
of the reaction with 1 mM PMSF, the digests were centrifuged
at 80,000 x g for 60 min, and the supernatant obtained (s)
was shown as water-soluble fraction. SDS-PAGE was conducted
using 12.5% polyacrylamide gel. MHC, Al, A2, DTNB are myosin
heavy chain, alkali light chain 1, alkali light chain 2 and
DTNB-1light chain, respectively. HMM HC and S1 HC are heavy
chains of heavy meromyosin and subfragment-1, respectively.
A, carp; B, rabbit; (E), digestion in the presence of 1 mM
EDTA; (Ca), digestion in the presence of 1 mM CaClz.
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Digestion time (min)
D e S T Time course of S-1, rod and HMM production during

chymotryptic digestion of myosin.

The amount of myosin undigested (@), S-1 (O), rod (&)
and HMM ( A ) produced was estimated from the staining
intensity of heavy chains of myosin, HMM, and S-1 as shown
ing Fig.. 2. A, carpy By awabbits (E), digestion in the
presence of 1 mM EDTA; (Ca), digestion in the presence of 1
mM CaCls .
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L\%7§7X>b®$&§%ﬁw%®iﬁ&yHC%%HW&LE%%@WN@

TR U, Fig. 3 R LE, =3 EDTA FEFTHLELEBAICEZ a4, v H

WREA SRR IS VI OFD 22 B rod P oS- WIEIE FAT LU T HE M

LTWZ: Chic LT 1 oM Ca2*& % FOBEIE. 34 I4 22 0BT E»
5 5-1 & rod 4 LC WS DT B AT YO S-1/rod junetion i & O

%#T%m%én%m:tﬁmmt@vto:@t%@&qiﬂ%@Hwémﬁ

B,

BECRERERUTH>EZDT S-1/rod junction (& HMM/LMM junction 2@ U < &
MW%énTMéﬁﬁ%wénkoiﬁyyHC@%mEEﬁEMAﬁ&T&D
@%mé<@0TM%$@\&1$ﬂ§ﬁEMAﬁE?®%ﬁKKN58¢EM
B 5, Ca"DUIMIAHE I RIETH BN OO, TOMRITT <, UM %5242
EHE TCERWENEL L o 7,

HIAEM D KB VW 5 % Sephacryl $-300 THVBBIZH T B & Vo 1o HMMAS,
ViVo=1.8 OAIEIC S-1 MAHEXAEDT. §-1 & HUM o WES B 2 1 & B 4%

%TU@MZ&%%W@Tmé(M%ﬁW)O

REIA «BF& >0 Ca**BHETCOMHIETERL = S-1 { LR, S=1004) &

H& 9 ) . BEO EIA BEETTOMIETERL = S-1 ((BLF S-1(E) 2 B&E3)

z lE# U=, Sephacryl $-300 TIVEE TOBLAEIER — . SDS-PAGE ic 813

éﬁ?l:vbﬁﬂﬁﬂbf\h?h%\%kMOJMéﬂ@®7wﬁU%ﬁ#
SWoTHED, DINB B EMREXhZ Do 2o M S-1 2 YTy ¥libd
L. WIND S-1 HC & 3 DONEM A (27 kDa. 50 kDa. 20 kDa BT B
Yh)RUIMiEh, EHEBLCLEVEEID AL, o~ ZTOD., i S-1 o

NEBELIZEA—-TH2E 27 (HMFregd)
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RIZH S-1 OFEAFRHEICOWTHE U, Table 1 LEFEeHTHELE, 210

kD Ee. M S-1 OEICiE Ca-ATPase & EDTA-ATPase HEEMICIF L A E R
DeoENEPoE, Ek, M -1 CHL4EBOVYX Y 730 2MEAT. 7I9F Y
W PE{L Mg-ATPase WEMZMWME LA E, BRAGEHRT S-1 27757 01T
ODHMAOEBREIZFDSENALBWEHNBTLE, 5102, MW S-1 (0.1 M KCL, 20

mM Tris-HC1 (pH 7.5)) o 30°C TOMBEUHELICODOVWTHHmET LEM., Ca-
ATPase R{EHBE LTI, ZHICH->-THUZ2BEBELECDODEE ko=, LEDER
L0, 5-1(Ca) &. S-1(E) k. ZoWE. BIEEE. 7753 L0HEHEA.

Ca-ATPase OBZEMBERALCEZERDENT. AB—0ObOTHALERL =,

3
T
S
i
"
o
£
e
X
e

lEtEoceMrs, a4 - I 420 S-1/rod junction OWYIWrIE 1 mM Ca?*7F
EfFTCHHIEINT, COUMICE->T EDTA EETOHEILTERT S -1 LB

U S-1 DERT B LHERL .




Table 1

Comparison of the biochemical properties of S-1(Ca) and S-1(E)

preparations

S-1(Ca)*1

S-1(E)*1

Ca—-ATPase*?2 (ymol Pi/min-mg)

K-EDTA-ATPase*3 (gmol Pi/min-mg)

Actin-activated Mg-ATPase
Ka(mg/ml actin)*4

Vmax(gmol Pi/min-mg)

heat-inactivation rate constant*5 (s-1)

037F

483

40

40,8x1068°

40

ST U1

i

*1 S-1(Ca) and S-1(E) were prepared

*2 ATPase activity was assayed in

(pH 7.0), 5 mM CaCl2 and 1 mM ATP

*3 ATPase activity was assayed

maleate (pH 7.0), 5 mM EDTA and
*4 Ka ( apperent dissociation constant
complex) and Vmax (maximum activity) were

double-reciprocal plots of activity

(Eisenberg & Moos, 1970).
Inactivation rates of Ca-ATPase

30 "C were estimated.

= 19’_

activity

& ol i R

at 25 °C.
0.5 M KC1,
mM- ATP at 2b

for S-1

and actin

of S-1 heated

M KCl, 25 mM Tris-maleate

mM Tris-—

actin

calculated from

concentration

at

T
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CCETH Cav*pzhR2 1 M CREFLTCHRFLTCEEN, a4 - IFS 20

Baldk (PREPARSI THITHERDIEIBNE, 22T, S-1 OLEBEBO

Ca* " MEKFEMLEZ, a1 RCIYFX - 34V TCHBELE, Fig. 2 LEU&E

THAZBEEO Ca? H#EF CHILZT W, SDS-PAGE MIcRHE XN B S-1 HC B O

HMM HC o Ny PORETEBE I SERB AR D, Fig. 4 TF L #. £ » 24
YIZBWTIE, Ca?*BEMD 1x10°° M (pCa 5) BlElck3d e -1 OB IS

WIZET UL, pCa 3.5 (0.3 mM) TEB/MMEZFUEEE pCa 3 (1L nM) FTIEL A
ERDBRDP2 . CORKD S-1 OEBREIX EGTA EETOBEON 30% HBE
THoe —J5 MM EHEBE S-1 OB ENIET B LD, Fo Ca2 ikt %
™ UTze 8056, MM X pCa 5.0 9405 1x1075 0 L Eod Ca?*EF o4
e B K520, pCa 3.5 (0.3 mi) TEBRAEBMBICELE, SO DL,

S-1 ERBZR/NBICHXIZ22DHICE 0.3 08 MED Ca2*BHrhiE+49TH 3 L

Ho7%s ULPL. ZhTH S-1 & M L FEFREEBEBRLTVWED T, a4

Jil

AT TERADRBED Ca*"EHETFTH S-1/rod junction OIS = 2 & &

—hH UK - IFACOBEERS L, S-1 K BIE pla 7.5 $HDB 3
X107 M PLE@ Ca " IRETHA U, pla b (1X10°°5 M) TIRIFE A & HEK
L& 2%, Z2LT MM OXEKIE S-1 0OFEBBEHAL NG TR IR -
2o S-1 HEMBNRARKMED 1/2 273K (a?" BEE2a4 oYX ColEET 3
& T4 T pla=4.3 THRIODIRNL, "UVF - 34 voB&E pla=6.3 T
s e I

UEDFRR™ S, a4 - I 42D S-1/rod junction YT %2 & 3 2 =0

i, Y X - IAVVEBUILERONINBLVLS, PROBEE O (a2t
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2B LT B

Cev bbb PoR i RETHE2THL BTN Y T2 2R

S-1/rod junction QUM ZE 2IC MG TCERW LN SEME > =,

B,

a A

/1]

BRBEELTWBRLDOLHERLE,

Amount of S-| or HMM(relative)

K %

foz 1T o

A vaF o S-1/rod EEHAETYFIA YV ICHARTHKS

(A) (B)
O
.50
Q_#\\
L O A
6”"0_0‘0\ £
Lo} 09 4 vl
0o A
V4
4 r \ A
O AA
O \‘//
A AfA
05 e - / °\
R A O
b ls /%o
A HeieS
QLa 5 2l , . e i ' ‘ A 5 s
ED EG 7 6 5 4 2 EDEG 8 7 6 s 4
-log [Ca?"]
Fig. "4 . Effect of free Ca?* concentration on the

productivity of S-1 and HMM.

Myosin from carp (A) and rabbit (B) was digested in the
same medium as described in Fig. 2, except that free CaZ2*
concentration was varied by using Ca-EGTA buffer, and that
digestion period was 30 min. ED and EG denote the digestion
in the presence of 1 mM EDTA and 1 mM EGTA, respectively.
The used stability constant for Ca-EGTA at pH 7.0 was 2.5 x
106 (M-!) (Harafuji & Ogawa, 1980). The amount of S-1 and
HMM produced was calculated from the staining intensity of
S-1 heavy chain (O ) and HMM heavy chain (A ). (A), carp;
(B}, rabbit.
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Do
L
E
/1l

Y rod HOFERNY T I kKBHELEN

Kicaqd - 3420 rod BAOFERNY 7S VUIWHME 2 M2 =0, HEBK

RED a4 KT I9F - IAYOWMEZLEBEIT LE, TR S-1/rod
Junction TUIMINE IS M OMBEPEMIIZZD T, 1 nd CaCl, #H FT
m I A (0.5 MM KCL, 20 mM Tris-HC1 (pH 7.5)) ZW¥EI L =, Mt

0.056 M KC1, 20 mM Tris-maleate (pH 7.0). 5 mM MgCl, B ICEIH LD H.
MEODSMUT EECEN SIS KETE S e RBoOEBMEE 2 ICHHE L E, WM

L K Uil 52 @ SDS-PAGE % Fig. 5 w9, Thickbd &aq -

/1]

Ty
LY R IAVYCREEN Y-V R BROT VWE, T RDBIAL - IAYY

HAEMOKBHEBE S IZE MM HC BN 3 AONY RBEBRE S h =0,

HRORERYA D77 A b (170 kDa) &, o9 ¥ - 34> 6% UG

WHEDTH2>2= D 2 XK HMM HC OV A ZE v X - I 4™ E5D0OHOD
L CH S s

—7. BEEESZHADE. YU F - I35 LM CHY T B T

N
N

Y EDBBEEIN, ZFOEMREBIE MM EREBE N LTWAREDSTHoE, C2hiC

NU., 34 - I A VOBEAEEIYY - 34220 LU & EY S ZT0ERYIT

O H5NDEDOD, TOBEDP RO DRI, -, Zoftic, Xh{ESFE
D757 A b (40 kDa) BB HRHEIFICEENLTWVWE, COEX 3RBRMEI VY
LA ZADOEBEBDETYF - I AU PBRERDELED S =,

e, a4 - 32 UPEERERFEN) I VHIAENRE, bbby ¥

HMM HC KO RW MM 7 S 7 A heBEO LM KOBEWEBH IS 7 X 2 b
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A = 1) A U S

rod AEOFE Y T VHEMAEEN Y Y X -

]l

P - — — e
bt i - w{ =g = e
.
90k -
W e e P —
- - ; - -— -
O 5102085 102085 10 20 O 10 20 30 10 20 30 10 20 30
Digestion time (min)
Bigs bHu SDS-PAGE pattern of chymotryptic digests of

monomeric myosin.

Myosin from carp (A) and rabbit (B) in 0.5 M KCl, 20 mM
Tris-HC]l (pH 7.5) and 0.1 mM DTT was digested by using 1/250
(w/w) of chymotrypsin at 20 °C in the presence of 1 mM
CaClz. After termination of the digestion with 1 mM PMSF,
the digest was dialyzed against 0.06 M K€l, 20 mM Tris-
maleate (pH 7.0) and 5 mM MgClz2, and centrifuged at 80,000 x
g for 60 min; (s) and (p) show the supernatant and the
precipitate, respectively. MIC and HMM are the same as in
Fig. 2. LMM and 40k are light meromyosin and 40 kDa fragment

produced, respectively.
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B2H T4 rod OB ELZ0H FHAEE OB

1. a4 rod OFRED R

4 - IFAVOFERVTO U EAEEDPS, YU FLBEBRIUMELAD rod
WAL BEETDI eI NE, T 24 - IS4 YO rod HFORE
BELECDODWTIODFEMRIRNPLEELEZX, I 45 rod ZHRE L. #h %
HAWTEERZ1T> .

g9, 34 - IATUPHD rod OFABAFEILECODVWTHF LE, ELHOHKR
M5, EDTA Z2EEEAAVEBEBBEPTCIXFENY Y vHEEZTAE, 7 X -
AV VEEMBICOS - ISAYYTH S-1 L rod CRESBTEB ¥
lzo COHEAEHRODO S-1 BKEBEEZOTEA A VHEETTORLSEEIC K> TL
EEHICAMMTESD, MBEHSICE rod ofiicKRELDODI A DD 2 F 8 KA
(LMM) MEBEAT DB EEDNFREHEINE, ROV F - I AP BO rod AR
BT, REEIADVZZY ) VEBIECEISDTEBERBMICRETIFENRL S
NnTW3 (Sent-Gyvorgyi, et a/., 1960) o T /xb b, Hid O k&K EH D> ICKIERE
D T8k ERBEIODREWI ) NVvERMUEZE. 0.5 M KCl BWICEH LT ¥
J=lZR<ZEIED rod EJ 2R BEE, MBIRIATVERLEWSH
ETHD. LPL. CORFERXHBRFETHZIDT,. " BREARETHDIAH
IAYYPHED rod ORABICHATEZEZI2ODEVWHBEDNH- 2. EBICCOH
F2RAEHER rd PERRBREIAVERETRZIERTEYS., FEELIE
rod z Sepharose CL-4B V)W BICH T 2 —HBELTWEZLz2RDE (K

TET ) EoTx ¥ ) —NVEHRHEZHVWRY, #HOBFEZRF U k.
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(1) a4 - 3IAF>UyH650 rod FRE

ChET, AERTIYYXOIAY Y20 VEBBEETTOAL A Y RB YO
NhNT ST 4 -THREIBZIFEPREIAhTWVWS (K& 5. 1977 b) , # & T,
COREZRRULTAMPOIAY VY EBREL., rod ZHEERRL LS 2L =,

THICERUD, DEAE-7 v M7 574 —12&k% rod EIAY Y00 BERBIC

DT HeRT Lizs a4 A > (0.05 M KCL, 20 mM Tris-maleate (pH 7.0),

J4]

I nM EDTA) ZHFE MV T UHEMAEB. RO EE (25,000 x g, 20 ) UTKE
o S-1 Z2HRE UBPBEI2OIA DV E rod ORGEZFZAHAVTRILE, o
ODREmZIATyOor7aI b5 74 —-EAEHE (AR5, 1977 b) @ 40 nM
Na-PPi (pH 7.5) B CHEM L =%, EWCTF®I LA DEAE-Toyopearl [Tt L
. BEAEREBEINBRMPOE, 2 C. Na-PPi {#E % 20 nM FTETFT X H
el IXATYYRU rod IHICHEBLUEZFE . LMD DEAE-Toyopearl |2
KESEDZIENTE R, RIZ. rod EIAY YOS EBHEHEEZBTULEREE,
20 mM Na-PPi (pH 7.5) 28 & NalCl BBOEBREEIRICTCHEESIEBZ L0 b,
Na-PPi OEBEBBOEHRIBEICLIDBHEIEEZADD2EIEI»> =, LM L. rod
EIATVVDE—TBRERRLEBZEELELTWVWBRDOT, IAYVR2RBREEEG rod &S
DRBEIFELDPo7Z. TOED. IATYVEABOLZRWH rod R 2B W2 EH,
TRODLIAVVEEZERODRVHEIELMZRAR T IBENILETH > =,
DUDEOFRREBRICEDWTHILLE, a4 - I AU 50 rod fAEED 7 o
—F¥— b2 Fig. T, ESHBEBD SDS-PAGE M % Fig. 8 Icm-d, ¥
T, a4 - IA>> (0.05 M KC1, 20 mM Tris-maleate (pH 7.0), 0.1 mM DTT,

1 mM EDTA) z=. 1/250 (w/w) BOXFE MY ST 20 C, 30 #¥ELT B, &

o

R AT A S




DRMAETE. I A0 90 % BUMBENh T S-1 & rod PERKLE, 1 nM
PUSF TRIGEIEL R, ToFFED0O5 M (25,000xg, 204) LT, Xk#BEMD
5-1 &2 L®E IR WE, WEES &, 0.056 M KC1, 20 mM Tris-maleate (pH
7.0), 0.1 mM DTT BWICHBE LR LABMIZHEICELD, UBHRICEALTWLS
KEMEH D ZREFERELZ—-BITo=. B HBEMEES% 0.5 1 KCL, 20
mM Tris-HC1l (pH 7.5). 0.1 mM DTT W CHEMH L. RWT 20 nM Na-PPi (pH

7.0) MWIZEW L., BRICBRIVE, COBREZBEDLSE LU TABIALY » B

WT. L#EICH rod 5 %EE,
COM rod ERFRLCELBORMBILIA YV LU EEBDLDRB3BRIMPEAL “
TW7ZzMOT., Na-PPi ## FT® DEAE-Toyopearl k> THR®EELE, ¥ 4bb
fl rod Z 20 mM Na-PPi (pH 7.5) [CF#1 L7 DEAE-Toyopearl (1.2x 32 cm)
W E S =%, 20 ~ 50 mM Na-PPi (pH 7.5) OEMAUBIC LD BEH S 7=, ;.
DEAE-Toyopearl AH XA % Fig. 9 79, rod E# 37 mM Na-PPi ffiF oK
SRE-—JELTHEEIN, ZOE—-—70REA A VEEM (H 40 o) o H D& ?
HEAIE BALTWEI A UDPEBEHIWEDOT, COB22HBVE, B8,
LM &b D& rod dE—27 X DKW Na-PPi B (35 nM) THH S h .,
rod »5ETE2ICBRIEDTEE, rod O (P OEHEE2OTE=HS) #
DL, I ATON 208 OWERT rod Z2H B3 LN TE =, .
B, CORE rod (X 0.05 M KC1 (pH 7.0) WICT7 45 AY MNERT B F §
TEMN L. BB (25,000 x g, 15 min) CTED %, BEBETCHEBRE L CH é
CELADBMTDIEICEL>T Na-PPi Z2RETZ2EERZITo R, MWW L rod %
0.5 M KCI (pH 7.5) B CTHEMEN L. BELASBMLUZEZDBIC rod EHE U X, %
COFERLEDE, IAVYZHRBEMBLE ULEBAICKE 3 HAKR., TEAEAD
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BHFELEBAICE

Carp myosin

4 HHIZ

(0.056 M KCL, pli 7.0, 1 mM EDTA)

— chymotryptic digestion (1/250(w/w),

— centrifuge at 25,000 x g, 20 min

Precipitate

— dissolve into 0.5 M KClL (pH 7.5)

— dialyze against 20 mM Na-PPi (pH7.5)

— ultracentrifuge at 80,000 x g, 60

Supernatant (crude rod)

- DEAE-Toyopearl chromatography

rod OERICHH & =z,

30 min, 20 “C)

min

gradient

rod fraction

- dialyze against

— centrifuge at 25,000 x g,

Precipitate

(20 50 mM Na-PPi (pH 7.5))

0.06 M KC1 (pH 7.0)

15 min

— dissolve and dialyze against 0.5 M KCL (pH 7.5)

— ultracentrifuge at 80,000 x g, 60 min
Supernatantl
{ rod )
Pig. 7. Preparative method of myosin rod from
myosin.
o —
-
| fw
Fig. 8. SDS-PAGE patterns of rod >
containing fraction at each preparative .
step.
(A)-(D) indicate the preparalion at ! 2
each step as shown in Fig. 7. (F) is the A BCD E
SDS-PAGE pattern of rabbit myosin rod.

27

(step A)

(step B)

(step C)

(step D)

carp




A230nm

D

c6l 74 93

A

20

[ Na-PPil (mM)

O 50

Fraction number

Figia 9. SPurificat dion
chromatography.

Crude rod [raction obtained
the chymotryptic digests
buffer (pH 7.5) and applied
X 11 em) equilibrated with
eluted with a linear gradient

(dotted line). The inlet

the fractions. Fraction numbers
the starting material of crude

was
to a
the

carp

[[rrom

26

the

100

rod on DEAE-Toyopearl

insoluble fraction of
cdissolved in 20 mM Na-PPi

DEAE-Toyopearl column (1.4

buffer. Proteins were

of Na<PPi from 20 to
figures are SDS-PAGE patterns of
are shown below the gels and
rod is

50 mM

also shown as (c¢c).
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(2) MRz iR E UL rod AR OB R

DIV YZHERBEMBETZ 7 0N T 970 —EEEZ. DBO rod %
BRETDHIHGRERE I PN KEBO rod AR ICEFRAETCHo> B,
CTCTEDERETRBRICHRTES LS, HEVMHNZHEGEH e UE#ARERC
DWVWTHME U =,

HEE U &

/1]

Ay eREREIZ, BHEHERTOIAS VS EDIA BETFTTOFE L

D7y vEAET, S-1 & rod CERNEZUYMTCE3Z P BEINRTVWEIDOT ,,
(485, 1990) . KEHEMMAEHEFE L) 7Y VML LT rod 2B T 3
ZrERA R, ?

IfEMMEZEREMBELE rod ORBREO 7D —F vy — ~%& Fig. 10 I,
BBV AT Y 7O SDS-PAGE W% Fig. 11 [cx-d, a4 BhFEMEH (0.05
KCl1, 20 mM Tris-maleate (pH 7.0), 10 mg/ml) %& 1 mM EDTA #FA{E F. 20°C [C
BWT 1/500 (w/w) OoFE MY IV BEZHAWVWT 10 2BMLLE, CORHET

EIAT Y HC @ 70~80% BYIMrZE S5, EIEEIRNIC rod & S-1 PER L,

LMM, 8-2 ERBRDODNBZ 75T A POERS BEAERBODENRNBE P>, PUSF

(1 nM) TRivEIEER, HIW2z2RELO ML CTHIEHEEEZABRCED 2, KW

T 0.05 M KC1, 20 mM Tris-maleate (pH 7.0). 1 mM PMSF B®ICHS®E L =

LT S e BEZIT Rz, B LU H MEKMEZ 0.5 M KC1, 20 nM
Tris-HCl (pH 7.5) BBICHBR U=, COLEYUNTEEPBW EEHEWO MY
DELRD2EDHIZ. ROBHWBILIUCELISBEIPERHEL Z>o>D T, 8~10 ng/nl
BENEY >, COBMUELHBERMEELILMICREZHME 40 % TR D X §

Sz, 77 3IAYY, 727 h8=5-1 Z20HBIcHBVE, ROWTLEEBORKIE
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EABME 55% FCLAREET. M rod @AZUBICEDZ, ZOM rod [H] 53

Mz R LTABO PO EIAYYDREEFATVWEDT, Ih bz R
d LTfiFoE. bbb, Ml rod oW H=Z 0.5 4 KCL, 20 nl Trig-HEIL
(pH 7.5) YW ICVAM M. 0.05 M KC1, 20 mM Tris-maleate (pH 7.0) ¥ &M
L. Bxz2BRELDD Kl BEZETEHE. rod 2747 XY MERE ¥ 72,
corod T4 AY FEBLABUTCHBICEY, LB IAY v & R
= rod OWEE 0.5 M4 KCL, 20 mM Tris-HCl (pH 7.5) WWICEM. BT,
maE LML FWEE rod e ULTEERICHW .

BB, rod ZUMEBILAIHLEEE 55 % »H 50 % o FiIFA e, rod OE

]
N
$
\/
S
i
>1
b
=
LN
(y
(\V/
<
~
g
(\qf
(
Q
e
Sz
op
ot

HEFETIZBOO., boh
JEAF o rod OWE EBERE 0.5 M KCL, 20 nif Tris-HCL (pH 7.5) ¥ 2 &MU
THEEBRCETTCEDP>E, COMBSEFE T rod »» 5 LUK EBRCENT
WO T, BEMHEOHEIE rod 25 LYY cE TN VWEELRTY>ED
SEETHoE, HL LMM MBEALEH AKX DEAE-Toyopearl ERHOWHRLIERET
5 P TCELs

cohEEERBVWARCLT. ARPAHEERLTH. X HATBET® o 2o
:nliﬁ?\m@%3%&‘)%%%3‘%@&(&6&‘[@@B%SI“C‘Z‘@")\ AV YD BEOD
rod ABERCHAFFECEDHP» TCHETH > L. B85, EAME» B0 rod O

BlIE% 5% B, AR ZODOPHEONE L L T 0.5% BErRb, SAYVZ

EHLCHRTZHEOBA (0.3 %) KDEELPEDBRD O o
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Carp myfibrils (0.05 M KC1, pH 7.0, 1 mM EDTA) (step A)

— chymotryptic digestion (1/500(w/w), 10 min, 20 °C) (step B)

centrifuge at 8,000 x g, 5 min

Precipitate (step C)

— dissolve into 0.5 M KCl (pH 7.5)
— add (NH4 )2S04 to make a 40 % saturation

— centrifuge at 14,000 x g, 15 min

Supernatant (crude rod) (step D)

— add (NH4 )2S04 to make a 55 % saturation

centrifuge at 14,000 x g, 15 min

Precipitate (step E)
— dissolve into 0.5 M KCl1 (pH 7.5)
— dialyze against 0.05 M KC1 (pH 7.0)
— centrifuge at 14,000 x g, 15 min
Precipitate
— dissolve and dialyze against 0.5 M KC1 (pH 7.5)
— ultracentrifuge at 80,000 x g, 60 min
Supernatant
( rod ) (step F)
Fig. 10. Preparative method of myosin rod from carp
myofibrils.
[l i b
MHC-‘.'-.- ; -
0d - g
i g- i
actin- e g o
| - T ) 1 Preparation of rod from carp %
myofibrils. =
ABCD H3
(A) through (F) indicate the SDS-— EF §
PAGE patterns of rod fractions at each &

purification step as shown in Fig. 10.
MHC and TM indicate myosin heavy chain
and tropomyosin, respectively.
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2. IA4ARCTYX rod oBAEFEFHHEEED K

(1) BBHRIARTTYSX rod 0% Y N 7 BN E O &

HIEi TRANERETISABADIPSEOARZLET, YHXBEHGN S S rod % K
TD2IEMTEREZ, T4 rod OBAEFEMBEEIZODWT, "HY ¥ rod o7 h &k
W UEe 9, A LYY F rod o 7T 2122w bOY 4 X% SDS-PAGE |2
XOEBTBE, WMEHIC 130 kDa LFHEIh, Y Ta=2v bOAFEICEZD
D HENEMD oI (Fig. 8) o F2, XKEMZHTOHFV A I 2HEKT B =0,
Mi rod Z Sepharose CL-4B (1.6Xx 45 cm) )L 3&#@ (0.5 M KC1. 20 mM Tris-
HCL (pH 7.5)) KM LB a0 @EHEX%Z2 Fig. 12 25794, WFNh O rod &, 7
27 aves b RE-OE—~Z7LLTBHEEh, BEAUBEI»E 34 rod &
VX rod EAVAIITHZIENHD, o T 130 kDa O¥ T a2=v h2ED 5
P INE, BB, RIARULABEWVWD rod K 2FBBIrrys1okswnwaAq -
IAT I BRHETII7arFS 32 FEICBHEESh, Z0B8HEMBE XS
DDPDERDPOZ, ZOYD, rod FIATYODEIO >ICHEVWEBROS FE 2L
TWD ZEDHEE XN =,

KiZ, rod OBTKEOY YN BEKEFEEZMMELEZD (Fig. 13) . Bt
MEOCY N7 REEKER I LD, BHLULEEBAKE O I XYY X rod
TEERDENEDP 27, RIZ, M rod OBERLUEIIREZIToRE 20BN
BFEELCIDOE—=I o238 —RERTHO, BH U EREEE D@ H B ICE

RO esnNEhok (KRYVET ), 5. @ rod @ (D 27 N Z2HFELE

A MmAFREI, 222, 209 nm FERREOBNEERL. a-NU vy IEEE

e




FROYyUNIJHOMBRR CD X7 My E SN (Fig.

S5RTETKkDE a-~V) w7 2&R (Table 2) &

YUNTEBEBOEE

=)

B VTR EN 2,

Fig. 12.

Rod

Gel filtration of rod on Sepharose CL-4B.
was applied
equilibrated

from

100% Z % /bl 2 7z 13,

L
éao—o-a. e

Fruction number

carp (O ) and rabbit (@)

Sepharose CL-4B gel column (1.2 x 32 cm)

0.5 M NaCl and 20 mM Tris-HCl (pH 7.5). Vo and Vt indicate
the void volume and bed volune,
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respectively.
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KBzl bh, 44 rod & 100 % a-~1Y w7 2EE»L

IR YR T .
RO L R SR AT

S s e (Y A T S b L LV DT S SN = gy S 4 (e %7 V2T TE2 g T L KIS e

e

S

sep

o

o
-




g o
€ 4 o/
8 oe
g ® e
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O 1 1 1
0 A 2 3

Concentration (g/iooml)

Fig.. 13 Concentration dependence of the reduced
viscosities of carp and rabbit rods.

All measurements were performed in 0.5 M KCl, 20 mM
Tris-HCl (pH 7.5) at 10 °C. (O), carp; (@), rabbit.

Wavelength (nm)

Ei g o 14 Circular dichroism spectrum of rod from carp and
rabbit.

Circular dichroism spectrum of rod from carp (solid
line) and rabbit (dotted line) was measured in the same

medium as in Fig. 13.
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ML EOREAS Table 2 CBIELE, Thicksd e, difiosFETHRLUEZOA

rod X, 4 THWIHOMREL, FEHEEDBI>TWAEWIZ E, YT =y MR
FAHLTWA L, SFollittmAREN & (FIVigE, BA K, wkEEE) |
100% a-~Y w7 ARMEZ2ALTCWVWB L (D XAX_T7 M) BYI&EPERED, U
B ¥ rod TE<HBATWARHHEMMEEL 2B ULTHD eHimlL iz (Veeds &
Pope, 1977; King & Lehrer, 1989) , B, ZOHREI AUy MR L

rod & MFARHE D S UL = rod A U TH > o

Table as Summary of physicochemical properties of carp

myosin, carp rod and rabbit rod.

Carp rabbit
myosin rod rod
M.W.*! (SDS-PAGE) 200,000 130,000 130,000
Kav*?2 (Sepharose CL-4B) 0+ 13 0.22 0522
[t] (g/100ml)-1*3 1.6 2.4 2.4
S20,w*4 4.5(mg/ml) 4.40 2,45 2.48
¢ -helical content (%)*5 70 100 100

*1 Molecular weight of the subunit was estimated from the data
in Fig. 8.

*2 Elution volume of myosin rod was estimated from the data in
Pig. 124

*3 Intrinsic viscosity was estimated from the data in Fig. 13.

*4 Sedimentation velocity was measured in the same medium as
in Pig. 13 at 207

*5 g-Helical content was estimated from the data in Fig. 14.
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AT T—

(2) a4 rod @7 I J ML

RICHE LEEa4 rod o7 I VA2 T0V, 7Y F rod oFh &KL E,
fa k2 Table 3 IZmd M, ThHoWEAEWNIIRIMEMNK ZRULE, T8 b,
Gl AR BB <y EFRLys BB Do B v LT AP Glu By B S
JEOBREEMICENSLRWDY, BHZROD7VIVEBZ2ZELREDIH - 2.
F 7z, Leu, Ala LVWHBAKET7I VBOIPEDZLIEFATHWE, Trp SBE DR
o NU Y7 AMEBEZHIET S Pro IFEhTWiadok,. 57 I ) ERMKL

a4 B0 Y % rod 2GR BB e

Table 3. Amino acid composition of carp and

rabbit rods

Amino acid Carp Rabbit
Aspartic acid*!? 8.9 8.8
Threonine 306 3.9
Serine 4.8 4.7
Glutamic acid*! 26 .4 26.8
Proline 0 0
Glycine B 845
Alanine 9.4 9.4
Cysteine 0.3 0.6
Valine d 8 3.6
Methionine 2 o 2w B
Isoleucine 3.4 3.8
Leucine o, i
Tyrosine 0.8 0.7
Phenylalanine 0.8 0.9
Lysine 13 : 2 3
Histidine 1.4 1.9
Tryptophan i &
Arginine 9.9 6.0
Total 100.0 100.0

*1 Agsparatic and glutamic acids including

asparagine and glutamine, respectively.
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gz, rod ORI A7 MV aEJELEZE S (Fig. 15) . 280 nm {f i (il
KEHFDZANZ bV ERUEN, ¥V N 7EMED BB UEBEFHH Eioonn.
X 2.2 &b, OYFTHRESINALTWHEEELLU = (Weeds & Pope, 1977) ,
COBRBEIYX - 2322, 81 OBA&D 5.6 BRU 1.5 W5 (Veeds &
Pope, 1977) KO b /hE, ZoZebBdH rod O Trp OSEMNIA TH
THXEBEEWS EDPRE I N,

BE, COEODREIAYYAFTFHMFOMBBICE>TI O NIJEBESED D

/1

280 nm COWRNMHENIRELZDZ D, /7o hNT 574 —D75 7> avicegdshs

FUyNTHRBEIK 280 nm TR, 230 om TOWRMEZHWTHE LE. 230

nm CTOENWENSBEIEL rod & S-1 HEE Do 12,

U)'5b
a
<
(0] A 2 a
250 300
Wave Length
Edg. 15 Absorplion spectrum of carp rod.

Carp rod (1.67 mg/ml) was dissolved in 0.5 M KCl and 20
nM: Tris~HC) (pH “7.:5)% :

SRR NS0,




(3) ZHFMEFHETFTICBI D34 rod OBEREMN

X

>

——

RIZa4 rod OBMEBLXERIZCODOVWTOBEHREZR S -20HIC, rod KEMA (RE.
W7 72VY) ZRMUELEOBERILZIA Y D S-1 OBGE LB LU &,
F2UP0X rod OKRKEMHEDERL -

9, BAKEHREEMNE ANS ZHWITHBEZRLZRE T3 e TcERTVWHLE
DMl A Tz, ANS WP UNT7HOBRKERIEG ITALHNXBENIEZFLLLAET
DT, FOONTHEHOSFREAKCBEL T L2 KEBOEBEOERELE 5, H4E
BORZEGFHETFTTOIAY Y, S-1 RO rod (0.5 M KC1, 20 mM Tris-HCL (pH
7.5) 0.2 mg/ml) VEWWIC ANS ZFEMUL., ToHXBREZJEL = (Fig. 16) o
Fhickd e, IAY RV S-1 O ANS OoFEXBEIX, RMITIAREEE
CBRBED2ABEIMULTWE, ZORICBURBALI I VWS ZZHEDODEILZR U .

ODEXHEODRILZFESEITOLELEITIRERE, RUCEOELORE S

(

Yoy

A E §5-1 TREREBULTH k. &I,

yay.

Y RU S-1 @ ANS Otk
EPEAREZIIRRZEREEE, a1 0BATHKE 1.6, JUYXOHETIE 3 1 T
HOH., Y F S-1 OB KEHZBEHIEZICE. I10BGONELDODRE %
BWEETHZDT, a4 S-1 OBEBEREMEDN VI XF LD EI VI IHERE—HT
%o

—F. rod OEXBEOEALE. a4 RO FWIThTHRLNT, KER
AL TH ANS HEUERBEKERPBEHLEZVWVDPOEIVEELELRVW I EDSE
oMb, ZDREH, ANS HXWME OEMIE rod OBEELZEM T 2 2O I
FlEACERDP>oRE. BVWEABALLREBEOLSDBEHAMICLI OB KERPEL T3

IIAYYAFRD S-1 BALTHDH, ThFT ANS ZHWTIAYYOEE
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BRI ODOWTHRUEZMEF L H D (Wicker & Knopp, 1988; Niwa, et a/.,

1989) . #FOHAEIE S-1 BAICHODWTOHDEILEHBHEB L TWEZ IR B L E

65N 5%,
(A) (B)
/‘\.
5 : /. LY
— - ® —
g /f ‘\ /7Pchb \;\
10 / \ ST W

P
®
o
o)
0
®
\.\
®
o
o

5 = O O‘o ® ® O’O s &
o’O/ \O o\.~ d X
R Ay b Sl _\_O e A\A‘A-A—A'M.A\A\A—A__
Qb A ipf—A—p——08r |, : 5 :
O 2 <4 6 8 0O 2 4 6
CUreal (M)

Fig. 16. Effect of urea on ANS fluorescence intensity of .

myosin, S-1 and rod solutions. 5
ANS fluorescence intensities (F. I. ) of myosin (O), S-1

(@) and rod (A) solution (0.2 mg/ml) in 0.5 M KCl and 20

mM Tris-HCl buffer (pH 7.5) were measured at 20 °C and 20

min after addion of urea and 80 uM ANS. (A), carp; (B), ﬁ

rabbit. v




REPVT DRI 70 DFny VEBHEOEXREOELL»SBELLE2RE L &
D& L% EFa3AYY, S-1 RO rod BBICREZEMUEEED MY T K
77 EHEMEOEAZWE LU (Fig. 17) , ZHAKRBEN TR, BLY Y )NY
HMELBNT 5-1 RUIAY VO BRBREAEL, rod O2hiE/haxmok
M. ZhiE rod @ Trp SEV D2 VWEDE Ebh ik, 2B, IATY 1 BNOD
HAEHMBEE, M LTW2 S-1 280 e rod IENAOENBEORE. 133
LRDZZLZ2HEPODTVWE, REHFMLFTE rod . §-1 RO IF T yOHELRE
BEEWTREETLE HXREEFTORZEEKER T LS 3 BoR B2
REBEFALBNBVD, BLOAETEIE rod BAET, S-1 BMEXC. I A4
YETE S5-1 & rod OFLOMIZIEM L, ANS HAEBEIBHE S-1 ORE
HEEHFZEDODED L. rod & S-1 LEUEEREBEE CHESEIE: 5T
WadeBbNhiz, COLDEMBAFHLET T rod & $-1 LA BVWARET
H DL HM U =,

REBIUVEBV 72V EHETO rod DN ) T b7 7 v EBELTE S a4
EITYXTHEANTHEZ (Fig. 18) . ZORB., HWHABREZTOEL 22 M F EE
LI DBEOESIBPRDELS, L., ShE a4 rod WO (Trp FED) K
REETOBEIZRMUTOLWB LT hE., " ¥OZhiclEAprRbBN & Ick
Do CHDEYD, I4 » ATV VIZBWT $-1 BlIITh< rod 4899 kb
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D e ol e T Effecl of urea on Lhe Lryplophan fluorescence

intensity of carp myosin, S-1, and rod.

Tryplophan fluorescence intengities (F. 1.) of carp myosin
L Fi S-1 (@) and rod (dotted line) solution (0.2 mg/ml)
in 0.5 M KClL and 20 mM Tris-HCl (pH 7.5) were measured in
the presence of varied concentrations ol urea at 20 °C.
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0 2 4 & 0 2 4 -
[Ureal (M) [Guanidine-HCI1 (M)

ig. 18. Effect of urea and guanidine-HC1l on the
tryptophan fluorescence intensily of carp and rabbit rods.
The fluorescence intensities (F. 1.) of carp ( A ) and
rabbit (&) rods (0.2 mg/ml) in 0.5 M KCl and 20 mM Tris-HCI
buffer (pH 7.5) were measured in the presence of varied
concentrations of urea (A) or guanidine-HCl (B) at 20 °C.
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3. ¥EM)TUHIEEDPSEMF LEZI4 rod ONEEE

A4 KT TP X rod o7 I VEBMEK. 2 FE. 2KREBE. A FEREOBEIL
By sz CERD, Ml rod BHRPTEBZVWIERELIIBMTWE, LD L.
BMELXEBREERZ->TEBD, a4 rod OFDPBHEEL LW EDBHEH I ED
T, M rod CWEHHBDOAETEREBEINLBZVWEOBRBELOEWYE D EE DN
e T0K Fig, 58 THARLESE. a4 rod B80T YT EAEEY
BPXoOoBGLEERBZICENMIEBINEZDOT, CORREHULULT, a4 rod o7

ny 7 —PRZEZRFET L. ZO02FHABEFEZESD & L &

(1) a4 rod ® ¥ MY T VHEHALEKRD

A4 R T F rod CEETDIUMTBALELODOWTHRE T D28, 0.5 0 KCI,
20 mM Tris-HCl (pH 7.5) OFKMHET rod ZFE MY T U#Hib LUk, HALEME
WIZHES rod HAE D SDS-PAGE M ZE z Fig. 19 79, W@ rod HELINF
—VEDPRDES>TWVWT, 24 rod OBEEREEI IV FDPLOERMICERD 5
Nz BEONY RPMRE XN, SDS-PAGE ik iR bvEMTCH- 2, WHF
rod OFEMEHITBEICHEE IR TVEHERE X —B U (Veeds & Pope, 1977) .
70~60 kDa ffiEic LMM ® 5-2 OME T AN RDBPHAEERL Z, T4 rod @
HLEBRFAICOEKD 60~70 kla ffED 7 I 7 AV RBRBALEDN. 7YX
rod S5OERBICEMmEEINZ W 95 kDa & 40 kDa 07 5 7 XA > s BIEALH
HhrhoEBMLTWE, FEEEDPELICIODONTESFED 33 kDa, 20 kDa 7 5

TAYIMDPEBRULTE R, Th58 7YX rod PEERSENBEVWEASTH > %,

s 12 =
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Bag 9 Changes in SDS-PAGE pattern of carp and rabbit

rods during chymotryptic digestion.
Carp and rabbit rods in 0.5 M KCl and 20 mM Tris-HCl

(pH 7.5) were digested by using 1/250 (w/w) of chymotrypsin
at 20 “C. CA), carpy (B), rabbit.
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Fig. 20. Change in the amount of water—-soluble and

insoluble fractions produced by chymotryptic digestion of
rod.

Rod from carp (A) and rabbit (B) was digested as
described in Fig. 19. The digest was dialyzed against 0.056 M
KCl, 20 mM Tris-maleate (pH 6.5) and 5 mM MgClz, and
centrifiuged at 80,000 x ¢ for 60 -min.. The K pirotein
concentration of the supernatant (@) and of the precipitate
(O ) was determined by the micro-biuret method. The amount
of undigested myosin rod (=-=-=--=) was estimated from the
staining intensity of myosin rod in the digest. The amount
of water-insoluble fraction generated (A) was estimated by
subtracting undigested rod from the water insoluble
fraction.
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RiZ, HIEEBRMZKBHE -2 &, HEBM%D LMW BB ULE, Tbbadq

RUOTYF rod oF M) T HEE®wAE 0.06 M KCI, 20 mM Tris-maleate

(pH 6.5)., 5 mM MgCl, BBICEWN L., 20®, BELSEE LU CKEAMEHE % L&

. BEMHEE 2 Z2HBICERLE WEHACEEFLI2BY N I7EBZFER L,

TOREKZEILZ Fig. 20 AR ULE. WY F rod 0BG (B) . 48P ELICL

WMo CHIEMPOKEEE2BEHEM L., 24&0 35 ¥ BELCELE, BEBHK

B rod BOHEKEHIIZ 508 BEFTHALED., ZhAULEEALLULED-

o COBBHE DD SKRMEIL rod BZELUGIWEMEZ LM A BLEHT TS

E. TOBEBKBEESEO LA ETLTHEZ, 40 % ffEFTCER L TWE,

— 5. a4 rod OBH (A) T, HEBRE e RXICKBEESICRREN S Y Y

NTJ7HBEZFULLEARALEHKD 75 %5 CHELE, ZRHICNETEEIOICEBYE

HWAOO@PDIEFELS, REWL rod B EZUFIWEER LI BEELEVWE % &

RiIZInN B rod HIEMOKBM., EBEMHESICEN I B34 % SDS-PAGE T

M L7= (Fig. 21) o U F rod @ HILEBRIT KBEHD 70 kDa B U 55

kDa o long S-2 KU short S-2 ¢IMEEhAmae. EEEMo LM (72 kDa.

63 kDa) &> TEDH, ChFTCOHREDODED TH B (Weeds & Pope, 1977) o

— 7. 34 rod HAEBESEFATWEIHFSDS B, KBHEEIFICE., Y8 F

5-2 ER <P/ 65 kDa B0 55 kda O 7 ST A v b, U FKBYE (§5-

2) BARLERBOS5h2ZWN 95 kba 753 7 AV MBEFhTWVWE, MF., 2h b

66 kDa B IO 0E BRI DT T X e 85k §72 B0 Bk 88 TS AT,

95 kDa 7 ST A b &% 95k §-2 57 A MR, F. ERRBE

fELZHaE 20 kla EWHNERTISITA I EEATWED, Chdbody

el




¥ rod B ERIABZVWKBERS TH->EZ. TN ZLT 206 D537 X2k
LR,

a4 rod HiEWoOBEBMHE 2P ICE. BRHREEELZDLDZ2VWHODOT T X O
MM oY 7 a=—w bz d 2 70 kDa U 62 kba 75 7 XA v v SN 7=,
FRECOEAICIE, 40 kDa EWHEWIZIZT A MBEEELTWED, COKA
EBMHOME R RIS, LM 2T S 7537 A bTHDEHMEN
o LT, CO79 A 2 40k Ml 2357 A bEBEZER TS, RIELY

md kDI (Fig., 27) . CoEBEME 2% 0.5 U KCl B TBEBLER. 7T

18 (Sepharose CL-4B) lcft L= & 2 A, 40k LMM 757 XA v Mg LUN B ,
SFEDBENTBEINEOTHFHHEENRAECEREVWE, TE2EHALE» S 2
BRLULTICEELTWAEZEI»D TW B,
a4 rod MEOHEILERY TH SEBEMD 40k LM 757 X > b & 95k §5-2
TS A NOEBRBRBICOWT SDS-PAGE Fogpfa@mE 2 E L CHBE L -
(Fig. 22) » K HIiZ 60~70 kba o S-2 RO LMM iR EZ R LED. 95
k -2 72957 A b 40k LM 7257 XA bbb LM RT S-2 o & BRI
HIALME P BERLTWE, 2AEEEN SIE 95k S-2 73 7 A bDFH D 40k
LM 75 7 A bPEDBELELEBRUTVWEREISLCRZADZD. TOENEZE
VWM icBmE L TCERT L (Fig. 22 B) , HAMHBICEIEZEEIZFE NI DERL g
TW3 3>k, CORED., rod DERNIC HABUTUMHEN T, 95k

S-2 & 40k LMM 7S5 7 AV MDPERTIRIZEeNERHMEINE, COE6@T T AV
bOY A XERELEDESE rad Y 4 X (130 %Da) LB 8D BEHE DO
MixTHEI B, 95k S-2, 40k LMM 757 A N EEZRELEDE-1E%® Fig.

22 A blcELEES A, HIbBHTIEEE® S-2. LM B 50 % ICEFTEL

L
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CE®H. a4 rod mIIZiE HMM/LMM junction ofth i 95k S§-2 & 40k LMM 7

STAY NEERIEDE UMBAPFEATEZE. 2L C 20N HYM/LEY

junction M TWAWICLTHP R YD BERNICUMZZIZFN RSN T

| |
Rod di S P Roddi S P

Fig. 2%t SDS-PAGE patterns of the water-soluble and
water—-insoluble fractions of myosin rod digest.

Rod (Rod) from carp (A) and rabbit (B) was digested by
chymolrypsin for 60 min as described in Fig. 19. The digest
(di), the supernatant (8) and the precipitate (P) were
separately recovered as described in Fig. 20. Numbers on the

right side of the gels are molecular mass of each fragments
in KDay and nunbers . in et are wabtepr=insolubile

the

fragments.
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>y rod NOYIKTESA OB E &. £ rod A B

(2) "si# P 3

a4 rod WH5EERKRT S 95k S-2 75 A ME 40k LUM 7357 X 2 FHrod

DEZRNELEHRZOPZHSENICL. 24 rod ¥ E o UM AL o EE % i
H 2o

F% 85k S2 oW TNz rod 2SR B LY 95k 82 ¥ 6Bk §5-2 @
T Ao KENE 2 ZREZ, ChZ2BIZXFE M) 7 VHEIEL, #H
it =R % SDS-PAGE TH A= (Fig. 23 M), Thic kb &, HILoETICHEL
9ok B-272 S0 A MWL REBL 8Bk 82 2 Z A pHE BB L TR o9&,
S0 -65k =2 D A A Bbk 522 DT AP NERITLTWASEDTH
2. CcOEE, HIiLicEoTHREIC 206 7537 A bOERDPRBOENE, &
B B W SIS Sl ey b . BBE. 02 TR ARE Y TS TRk R p
A LZbdboO T, HUM/LMM junction ZZHE A TCWA Z e DBH 7=, > T. 95k
S-2 7357 A M HMM/LMM junction XD AN AF I NWEKXRMR (C Kiw) i
20 kDa ZIFEWZ &, EVWH X 3L 65k $-2 7257 A b C K¥mflic 20k
T2 AV EIDPEAELTWBRBDTHD NI NI,

RICIEBBEHED 40k LM 757 A MNE LMW 00— THDZ eHERHIL BN
ZORIZODVWTHRE ULz, 9 rodiBitWh oBE M E 25 5. DEAE-Toyopearl
rmY NS5 74 =12k rod & 40k LMM ZBrE. 70k LMM & 62k LMM OES
Hoz87E (PHEFHERTCBHEHNY -2 Fig, 28 2739 ). £ELTZ O LUM
ZEICFERNY S ML LE, 20 70k LMM & 62k LMM & rod MLl & H
CEGETEHEDHELEZITRDPoEDT. FEMNV TV EBEZHEMUTHLEZ

-7 (Fig. 23 B) . #HitoBERX/HhETWWH, 70k LM 7257 X2 bDB@ED L.
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62 kK LMM M U7, £, i 40k LM 257 22 bE 20k 257 XYk

MERT DI ENRENTE, FEHEEPEL E 33k V537 A LV VOEBDBAD 5

Nize COZ DB, T0k LM 757 X v bl 40k LU 7257 Ay e 20k 7
TTRXAYINDPBEBBAZEDNHBELE, COBERLE 20k 735 %7 X > Mk 95k
5-2 727 A PDOFEMNITOVEAEATERLE 206 257 AV MG F YA
AB—=FHUEDT, 95k $-2 75 7 XA bd C KM & 70k LMM 75 % X ¥ kK

D7 I 7K (N X)) HIcEBULTEFTFATVWABDOEHULE, Ch b

oy

RED 70k LMM WIZWEFD N K658 20 kla ofiBICUYIMEANIES TN

BH, 40k LMM ik 70k LMM o C K8 ( rod @0 C £M) IcMBLTW S ENH

PlE, BZELULES S-2. LM 25 7 XA OBREBERCIA rod FOFERNY S
UMM RMANIC Fig, 24 2794, a4 rod FIREFERY T Ui
UMMM EL2ERAELELTWVWS, OS5, Site 1 ¥ ¥ rod ¢ &<
MeENLTWBYUINE AL, d72bH HMM/LMM junction {CHAHY L. Site 1 & Tl
BrS#E Z 5 & 65k S-2 757 A bE T0kLMM 75 7 X hDEKT B, F =,
CODSite 1 ZEWLSO2P (2B LH3EA) OUMBANPEEL TV B 0D T,
ZTNUND 60~70 kDa (FiED 757 A M bEMT B, — ., Site 2 FAMHE
THECRVWELLEUEEATHD., CZTOUMICE> T rod & 95k S-2 7
2T A bhE 40k LM 257 XA bictIlrEh 3, LUTFZ o Site 2 % 95k S-
2/40k LMM junction &M RZ & &9 %, Z@d 95k S-2/40k LMM junction (&= ¥
FOHBALCERESNT., a4 rod CHEOUYHITALTH > =, 2B, Sites 1,
2 o THMAR S e, 65k §5-2 757 A2 bE. 20k 757 AV b, 40k

MM 7 57 XY hDEKRT S, rod ETo Sites 1. 2 TOUIMEE 2 KT B
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%, a4 rod SHALFBAICBIT S 95k S-2 725 7 A DR 40k LUM 7 5 % A
Y bPOENEREZE, 65k 5-2 757 XA MRC KLU 7257 A NDERLBE
tkg L7z 2% (Fig. 22 B) . 95k S-2/40k LMM junction o UMy 3 FE k. HMM/
LMM junction OUIMIEE O 2/b METHDO. PO EHUMHIAhTWBZ L
MmmE NIz,

BB, a4 3IAY Y (0.5 MM KC1, 20 mM Tris-HC1 (pH 7.5), 1 mM DTT, 1 mM

CaClz) ZFE MU T Y WA ULERES (Figs. 5, 25) . Rid & BAEIC 40k LMM

/]

~

797X "B ERLTED, 95k $-2/40k LMM junction TOUYMIE I A S v B

/

BERIZBVWTY rod bt AKRECEZIRZEZHEER LE, COEE 95k S-2 O%ERK
EAshznwh, Z20ofRbbIC 170 kDa BEOY 4 X2 H>E W HMM HC 7 57
XY MPBERLTBD, S-1 & 95k S-2 MEALTWVWS WM ThHBLE X 5N
1e 5

95k S-2/40k LMM junction F:@®E O LM WICHEHELTWABAOT., a4 rod IE
LMM  (70k LMM) ANTH I TWEREHEIIRKRD, FLT. 0O N KW o 20
kDa Pz Az L 95k S-2 T KkBMHEe D, BAAVEETTHETS &0
> LM AROMHBEEEXDNS, TO-ZDICEBEHESFRICIEEEL = 70k LUM

& 40k LUM ZUDNELS e, a4 rod 50 LMK WEFI DL ZVWOREZFD

eHTEBRVWIrPEEDNE (Fig., 20) ,




20k- - ... -20k

0 4 20 0 s o

time (min) LMM/chymotrypsin (w/w)

Fig. 23; Chymotryptic digestion of S-2 and LMM fractions.

A, Water-soluble fraction was obtained by chymotryptic
digestion of carp rod for 5 min as described in Fig. 19. The
S-2 fraction was further digested by using 1/250 (w/w) of
chymotrypsin at 20 °C. B, Carp LMM fraction containing the
70 kba and 62 kba fragments was separated f{rom water-
insoluble fraction of rod digest on DEAE-TOYOPEARL as in
Fig. 28, and was f(urther digested at 20 °C for 20 min by
using 1/250 (w/w) or 1/100 (w/w) of chymotrypsin. The
numbers on the side of the gels are molecular mass of the
fragments in kDa. 40k is the isolated 40kDa LMM on DEAE-
TOYOPEARL.

rod gy, S o0
65k S-2 70k LMM
(A) L 1T . . " D |
k S- 40k LMM
65k S-2 20k 40k LMM
(C) [ o ) s | 8|
Fig. 24 . Chymotryptic cleavage siltes and fragments

produced.

Site 1 and site 2 indicate the sites susceptible to
chymotryptic digestion. (A) and (B) represent the S-2 and
LMM produced by cleavage at each site, and (C) represents
the products formed by cleavage at both sites. C—ZJand
&=l indicate the water-soluble and filament-forming
fragments, respectively.




Fig. 25. SDS-PAGE patlterns of water-soluble and water-
insoluble fractions of carp myosin digest.

Carp myosin was digested by using 1/250 (w/w) of
chymotrypsin at 20 °"C for 10 min in a medium of 0.5 M KCI1,
20 mM Tris-HC1 (pH 7.5) and 1 mM EDTA. The digest was
dialyzed against 0.05 M KCl, 20 mM Tris-maleate (pH 6.5) and
5 mM MgClz, and centrifuged at 80,000 x g for 60 min. (M),
(di), (s) and (p) show intact myosin, the myosin digest, the
supernatant and the precipitate after centrifugation,
respectively.




(3) HMEAME rod OFE M) T2 v HANR

a4 rod TRWEEXhE 95k S-2/40k LMM junction TAE I A > Y rod I
HBBUTCEELTWDOD EHRANTE,
BEREIPSOEEAR KL L> T, BEORE (NTYF. IT N BT A,
rax o, 54 5E7) PS5 rod 2R UEZ, AR LUE rod BERmPICEALE
O LMMEBLNLABODPEALTVWEZD DD H >N, FAMEOETHNTH 5 F
ERMNVTUHEMAEMEORSFT K HAEE HIHMTEZ3bD0THL> R N ED
rod (0.5 M KCl, 20 mM Tris=HCl (pH 7.5)) 2% bY > T#HEHILL. #Hi
e KEE. KRUCEGEMHE I8 Uk, MWEsS 0 SDS-PAGE X% Fig. 26
] I IS

Chicks A rod HitYWoKkBEHE 2P ICIEHEL T 65k S-2 75 7 A
Yy MY TR 757 A M EShE, 2, YR TEI X rod OELED
B IC 88k B2 TS A VI RBET B Z2 T A B RS NEs Fig. 260 TE N
TFRUCT A SEY rod 5O 95k $-2 757 XAy PEBBEDZVWH, &b
BIEEHEZEODLSTHLEBRENHMTS2BFZ2HERL TCWVWD, . ¥7 10 rod
DPBEDO 95k S-2 75 AV MVEBBRE LR EN, 20k 757 A MICHEHYT
ZNY RBpEObERLTVWE, OB, S-2 7537 AV MOSFREAERT
FEEAEEZEZEBRDPD R,

— %, HBEMESIFoORAICELTERABEICLXDZLRERD, T4 UAD
A% rod XT—IC 10 kla BRKE Doz, FlZEESADEDKZaA LB UY A
ZEeENRNEIDODARKEVWZ2HED rod PBEINZDBDIH>%2. FLEBEBBEHEOLENY

(LMM 1Ic#H 49 3) O F VA X, a4DP50bDELDHb—RFRICKED> =,
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bbb, a4 T T0k, 62k, R 40k O3 AP EHEINZIDIC. o ffEc
BOWTEEREIND 3 AP ITARTa/ADENLLEID ZhZNH 8~10 kDa 52
REWYHASA X TH2e TITCINHEEAED rod \ XUFE MY 7 v #HAL
THEBRULE LMW 257X b4 8% Table 4lcF & 7=, rod DB ERK L 7=
S-2 BADEBRBOY A ABEVWR I PUTWVWBCLRZ2EZEADEZE., 314U

HOBBEOD rod F ( KIGBEINVELS., 20728 rod © LUMN »—1CE W & HH

et U722 TO/RAME rod 5 40k LUM & X< BB W LM DERL =0 T,
In s rod WIZKE HMM/LMM junction ofttic, 74 rod TR WE X = 95k
5-2/40k LMM junction DEHLE L TWB L EZE X, COWMTOUIMNEE H 5 WIiE
REZMEETAETCERD, NYF, YN W a4 eFEBICELLIYUTEBD, Dizbho
95k §-2 757 A b, 40k LUM 7S5 7 XA PO EB L. ZOEATOYIK»E
CORTVERNE DT, B8 IO 15k '552 PSP ab b B0
D, 40k LM 757 A2 BT 206 537 XA bEDPEODEBRLTWS O T,
95k S5-2/40k LMM junction THIMrEh7z% . 95k S-2 75 7 Ay NEEEBIC

HUM/LMM junction TIHILZ ST THEE®D $-2 7537 A2 PRZEALDT W &

(N RS TR P L (0 1 Y A S O S T2 B I e i A N S A A S e A R A Sy e
A o 3 G D S D e AT ey y =y et

FLRe —H. F4TET7 rod D5 47k LU BB IFLE B, 95k

ARG ST

S-2/40k LMM junction TOUIMTE I HIZCCWEDTH > =,
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SR A LA N S PRENS
SRR

LLEDRRID, ZhZ2hoMATOUINBEICABEBENS D EMNRBIN

ZHDO, 95k S-2/40k LMM junction A ¥ rod CHEHBLTEHEHELTWAZ &

MR I 7z,
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Fig. 26. SDS-PAGE patterns of waler-soluble and water-

insoluble chymotryptic fragments of various fish rods.

Fish rods in 0.5 M KCl and 20 mM Tris-HClL (pH 7.5) were
digested by using 1/250 (w/w) of chymotrypsin at 20 °C and
dialyzed against 0.06 M KCl pH 7.0, The dialyzates were
centrifuged at 80,000 x g for 60 min. (A) and (B) indicate
the supernatant and precipitale, respectively. (a), carp;
(b), yellowtail:; (c¢), mackerel; (d), bastard halibut; (e),
tamay (F),tilapiasy (g),. rtabbit.

Table 4. Apparenl molecular mass of various fish

rods and LMMs.

rod 1.MM (kDa)*1?
Carp 130 70 62 40
Yellowtail 140 80 70 47
Mackerel 140 80 70 47
Bastard halibut 140, 130 80 - 47
Tuna 140 81 70 48
Tilapia 140 80 = 47
Rabbit 130 72 63 =

*1 Molecular mass of the subunits of rod and LMM was

measured by SDS-PAGE.




B3HE a4 40k LMM o 2o ERN

a4 rod AFIREFERN) T UVREZEEOBVWHMNP 2EBAIFET LI ED., ¥

¥ rod ol EshZznWkH B/NhERaFAEDPERLE. COUH608FEH

ZHWT, rod OBEDOEE (74092 MNEREBE) ICBEDHLD rod 40 FH D K% EL

SOREEMETCETDEEZE, FIC 40k LM RO EWIEBES FTWETH D,

CODFHMBEDOD 749 A MNERBIZCODWTHBRKRPEEND, T2 T, 9 X

TlE. & LMM 4112 40k LMM o4 8RR ICHOWTHE L 7=,

1. DEAE-Toyopearl {2 K& % 40k LMM o> B g &

a4 rod OFE M) T UEIEYOEBEBER S ICEFEFN SKEWL rod . 70k

LMM, 40k LMY &t Wo k= LM iz 2 na@# T 5200FHFIEDNWTHRE L

. 3. rod HitYWolEEME 2%Z 0.5 U KC1, 20 md Tris-HC1 (pH 7.5) T

B L%, 7 )viEM (Sepharose CL-4B) It L 7=, REZ22>20DE—-7 &L

THEHH SN Fig. 27T CZO®BHEKE., RUCE 757 ar @ SDS-PAGE » 5

TRBLESHESBRERTY 7 330y NHordl, 35 2803~ BRED L 5 &,
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Hoh., HBE O 40k LMM X 70k LMM oBHENBEEER>>TWEED., TN 7F

NznEdTs el TERDD L,

e T ]
o s LSRN e S e

w_;?_?_'_-‘-;s- o
T T, S

FRRAT

ST

T A e e TN T et TR SR 1L e ERC RIS O o P g LR e N e, g (I e B s S
R s R R S R SR T S



]
H
ap— ®
=
]

et
_ " //"«. ,\f = 2
o lv [ >

S _4 r --
/™N\J | 2
> c
®
L
§ -\ [\ |2
< If \\‘ “ & 4] o

\ [ ]
-2 2 \\ &_Iw\ m u ” ‘g
\ A \ =
Ay °
{ ANi VK ; ¥, 2 -
,I \\, \\ \ e /
ll // Il\\ \\ \\ b .\
’ ’ / \ % N
o l’ ‘5’ 1! \\ \.\ \ :\. Io
010 20 30 40
Fraction number
Filgsr 27 Sepharose CL-4B chromatography of the water—
insolubule fraction of the carp rod digest.

The salt-soluble fraction of the carp rod digest was
dissolved in 0.5 M KCl and 20 mM Tris-HCl (pH 7.5), and the
solution was applied to a Sepharose CL-4B column (1.6 x 46
cm) equilibrated with the same buffer. The elution profiles
of rod, 70k LMM and 40k LMM (dotted line) were
densitometrically estimated from the SDS-PAGE of the

fractions.

Fraction numbers are shown below the gels.




Wi, a4 rod 2RI 23720 ICHWRE DEAE-Toyopearl 7 Y b7 57 4 —
kA0 riAHnrE. rod Wik AE 0.05 M KCL., 20 mM Tris-maleate (pH 7.0).
5 mM MgCl. OFHTHELSBE (25,000xg, 2040) LT, KBMHD S-2 2 % FR
W7z, Z0O%., %% 0.5 M KC1, 20 mM Tris-HC1l (pH 7.5) B CTHEM L.
\WT 20 mM Na-PPi (pH 7.5) M ICBENM UL THBHRZXBLE, T LT, BHERIL
CT¥E#4 U7 DEAE-Toyopearl [Cft L. 20 mM »» 5 50 mM £ T@® Na-PPi (pH
7.5) OBEHRBEARICIODBEHLEZ, RENRBEHKXAEZ Fig. 28 x- T, C
DEHETEABOELAEPBREIN, Na-PPi OABIZELDIDOE—-T7 & LT
SEEINE, T2 OE -7 OB 2% SDS-PAGEKI Ti#l~7Z& 25, 23 nl
Na-PPi fIF CHBHINWZE—DOE -7 40k LM oA D SR> TWEk. KIC
Na-PPi B 35 mM £ ic 62k LMM B U 70k LUM BB LEE—7DNEBEH I N
D, E—Z7 oI ¥ICiE 62k LMM B, ZFhIZENT 70k LM DBEH T D XD T
bbb, P—7008¥ HBrZ2esr e Tk I UL mEESW P, £ L T 38
mM Na-PPi THBHEINBARERE—7E. RK#EIL rod DB DODTH-Ze T DKD
i 40k LMM, 70k LUM ZZzhn 2 hBENRT 2BV TE L,

2 CH W7 DEAE-Toyopearl ERAAVKBBETHL20OT. KELH D

EYYNTATFTEEBORER ZHER T 5 &, 40k LMM, 70k LMM, rod OBEICE D

BERPAEWVWZ DA EIN, FIC 40k LM FEAEBEFEIP D WVWE W TE
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Fiphesd B DEAE-Toyopearl chromatography Separation of carp

LMM fraction.

Carp myosin rod was digested by chymotrypsin in 0.5 M
KCl and 20 mM Tris-HCl (pH 7.5), and the water—-insoluble
fraction obtained was dissolved in 20 mM Na-PPi (pH 7.5)
and then subjected to DEAE-TOYOPEARIL column chromatography.
Proteins were eluted by a linear gradient of Na-PPi
concentration (dotted line). The insert indicates the SDS-
PAGE patterns of the fractions. Numbers at the bottom of the
gel are fraction numbers, and numbers on the side of the gel
are molecular mass of the fragments in kDa.
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LM 7 2 BN Z4F W, rod KU 70k LM B ULZ. Z0#HREZ Fig.
29. Table 6 WRTd. PX/)BHEHBOXI—FAI VT30 =ZFL DB IILE
BEERL, @HRMNZMBRICESEFDEIBVWEDITH oLy rod Da =Y o) f

ZESBRD 100% THRZLEHICHEAEDY, COMEBEZRFHETILEZOOEANG
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Table 5. Amino acid compositions of rod, 70k LMM and

40k LMM [rom carp.

Amino acid rod 70k LMM 40k LMM
Aspartic acid*! 8.9 {(93)*% 8.F (51)*% 9.5 (31)**
Threonine 3.6 (37) 3.6 (20) 3.4 CEE)
Serine 158 £50) 4.6 (26) 4.5 {13)
Glutamic acid*! 26.4 (274) 25.9 (145) 24.8 (79)
Proline 0 (0) 0 (04 0 (0)
Glycine 2.5 (26) o0 (AP 8.9 412
Alanine 9.4 (98) 9.8 153) 9.6 (31)
Cysteine 0.3 (3) 0.3 £2) O3 Kd)
Valine 4.3 (44) 5:6 {31) P 2R )
Methionine 2.5 {26) 2.6 t14} 3.4 111)
Isoleucine 3.0 (31) 2.5 (d4) 1.6 (5H)
Leucine Piok (115) 40,7 (60) 10.2 38)
Tyrosine 0.8 (8) 1.1 (6) 1+ (3)
Phenylalanine g.8 (8) 0.5 %X8) 0.2 (0)
Lysine 12.2 {127) 11.0 (61) 19.9 (33)
Histidine buA4- it 15) 1.9 €30) 2.4 46)
TryplLophan 2 £ 23 B2 ) 0.05(0)
Arginine 5.9 (61) 6.5 (369 7.9 (25)
Total 100.0(1040) 100.0(560) 100.0(320)

*1 Agparatic and glutamic acids including asparagine and
glutamine, respectively.
*2 The numbers in parenthesis indicate mols of the residues

in a mol of each product.
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Fig. 29. Star diagrams of the amino acid compositions of
carp rod, 70k LMM and 40k LMM.

The diagrams were made by using the amino acid
compositions in Table 5.

SDS-PAGE Urea-PAGE IEF
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rod TOK4OK rod TOk 40K

Big. 305 SDS-PAGE, urea-PAGE and isoeleclric focusing of
carp rod, 70k LMM and 40k LMM.

SDS-PAGE and urea-PAGE were carried out by unsing 10 %
polyacrylamide gel containing 0.1 % SDS and 4 %
polyacrylamide gel containing 8 M urea, respectively.
Isoelectric focusing (IEF) was conducted by using 3.9 %
polyacrylamid gel containing 8 M urea and 2 % ampholine (pH
3=10.5).




Fig. 28 Tm» U 7% DEAE-Toyopearl WAL E M 5. LUM, rod OMEM P EZ D
HENRENE, FIT, SHEEBEREKHEZHVWTINSOREBERHOENWIZDWNT
e at L 7= (Fig. 30) o

%3 8 REGETFTTCORBEY )V ERIKE (urea-PAGE) ZiT o7k, T DER
KBTI, YUNTEOBEERE 27V XRT REMHTRIDFICR D
40k LMM 0 BB EIE L 70k LMY KD /hE < rod I EREDLLREMPDEZ, SDS-
PAGE Lok ®iElE (BEOY UNIJETESDFIAXIEZTTCEBHEHIPIRE D)
LT AL, 40k LMM EEFoY A X 0Bk ENE N DB, Lo TZ
DFFETH 40k LM S FIXAEEFEP DWW EHEMIN Z,

B, EEHAER%E (IEF) 2ok 23, Ny —YELLEANTWVWE HO
O, ZEODZEERATHEHLEPICERD TWH, 40k LM oF ik 5.5 THH. 70k
LMM @ 5.2, rod @ 5.1 KO BWEEBHAZ R UL, Urea-PAGE XU IEF &8 M
REGETFTH>TVWSDT, EHOUKBEPHBEINLTWLIRETOENZ
BETw3szeehry, NYHhBEZE--EASTFOREEFZALTELARL, UL
L. CO# BRI DEAE-Toyopearl ADFEEBE LIRS WHEE - LTED., 40k LMM &

FEHEHOABEBEHEIDZWVWE WD R Z2E 3 2,
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